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Abstract

We report results of neutron pxder diffraction e~riments on the

heavy-electron mgnet lUll at temperatures above and below its

ordering temperature. These measurements set an upper limit on the

ordered nmment of 1.5@L
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Specific heat measuremwmts on ~11 show a large electronic

contribution (~ s 840 N/mole W) above SK. at which temperature occurs an

anomaly indicative of a magnetic phase transition in the bulk [I].

Associated with this anonnly is a very weak featbre in the nmgnctic

susceptibility. More rcccn( muorl-spin roLatiort/relaxation measurcmcn[s [’]

suggest antif’crromagnctic orcicr :LL 5K but neither the ordered moment nor

magnetic structure could bc dctcrmincd from these experiments. For the IW(I

other U-based hea’:y-electron nugnets U2Zli [3] and UCU5 [4], neulron

scattering experiments Imve ●stablished that the tmgnetic order is simple

anti ferromagnetic, with ordered momnmts of 0.8 * 0.1 and 0.9 * 0.1 p#U

respectively, values close to 1/3 of their correspondi~ ~rtumg-netlc

mormnts. Interestingly, the factor 1/3 also appsars in the ratio of their

electrorlic specific heat ~ below TN to that above TN [5]. 1~11 also

●xhibits the ratio 7(T ❑ 0)/~(T ~ TN) = 0.3 [1] from which, if the analogy

holds, we would imply an ordered nmment of ~ 1
W

To minimize the problem associated with the extremely large neutron

absorption cross-section of naturally abundant ~. we have performed

neutron diffraction on samples enriched to ~.55% ~114, which has a much

snaller absorption cross section. An approxi-tely 5 g ~le was prepared

by sealing under vacuum fine U powder inn qumrtz tube with di~tilled CklIl I

and heating to 47WC for 7 days, X-ray analysis of the matted powder

showed the tmterial to he ~ 97% Will . havi~ the Fsi3m crystal ntructurr

o
with a lattice parameter no = 9,2W A, Magnetic susceptibility metisurrd on

85 ~ of the sample showed Curie-Weiss behnvior for 20 < T < 35(JK. with

‘eff
= 3mElG@Jancl(l = -46.(3 K, and a platenu nenr 5 K, chnracteris[,r ol’

the magnetic transition irr WAII .



Neutron scattering mts

Diffract~ter at Argonne’s

experiments, the 5 g sample

performed on the General Purpose Powder

Intense PUISEXINeutron Source, For these

was encapsulated in a thin-walled aluminum

holder that was mounted on the cold finger of a “I}lccryostat whose

temperature could be controlled down to 2K. Parts of the sample holder

exposed to the neutron beam and not containing sample were nx~skcd IIS :1

boron-nitride shield. Approximately 20 hours of dntn wcrr CO1lCCI{+ at

three temperatures 8. 4. and 2K. Each dam set was malyzd by Ric[v[*lA

refinement using the cdes developd by btrson and Von Drcclc [6].

Results of the measurements at 2K are shown in Fig. 1.

these data, it was necessary to include scattering from the

holder, BN msk, and

of the cryostmt. In

●violence for a stroll

analysis, By taking

(except one withal =

“’displaced” Al arising from scattering

addition. to the mtjority phase UGill .

munt (- Z) of free (M, in agreement

these scattering sources into account.

In fitting

Al ssmple

off the Al tail

we also found

with the x-ray

all peaks

1.- ~) could be indexed and the refined parameters

for LJUII me given in Table I. The unidentified peak also appeared In tlm

4 and SK spectra. Additional structural details of LKklll will be given

elsewhere [7] but we note here that assumi~ unity occupation of the lJ-si[c

givesa stoichiomatry of LU9.5 and that no structural change could be

detected to within AaO E * O.~~. Further, within the resolution of

these experiments, no additional linen could be found below SK tlmt might

be expected to appear because of antiferromgnetic order.

A minitmim detectable moment was estimated nssuming a simple

ferrcmmgnetic structure, which would provide nn upper limit . Wr nsslimr

that a tmgnetic peak would be observed if its intensity were grcntrr 11-UIII

the (3,0,0)/(2.1,1) nuclear ~a.k indicated by the nrrow in Fig. l(c),
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Because the structure factor of this pak is Iatown. we can calculate a

limit of detectability to be 1.5 &lJ. Therefore. we conclude that the

ordered moment of “’IXlll l*’ nust be less than 1.5 IL@. tkt the nmgnetic

structure is not simple. or possibly both. The first conclusion is

implimted on the basis of’analogy to other U-based heavy-electron magnets.

Work at Los Alamos was performed under the auspices of the USDOE.

This work also benefited from the usc of the Intense Pulsed Neutron Source

at Argonne National IAmratory, which is funded by the U. S. Department 01

Energy. BES-Materials Science, under contract W-31-109-ENG-3S. We thank

J. A. O*Rourke for the x-ray measurements.



TABLE I

Crystal Ikata for UCklllat 2 K

0
Space Croup Pm3m

Atomic po~ltlo~ = ‘“2480(8) A
. .

U1 o 1/2 o 0.0072( 5) 1
cdl 1/2 1/2 1/2 0.0033(13) O.sl(:t)
G12 0.1567(2) 0.1567(2) 0.1567(2) 0.0063( 6) 0.s’1(1)
cd3 o 0.3441(2) 0.3441(2) 0.0082( 5) 0.s7(1)
G14 1/2 0.2664(1) 0.2664(1) 0.0078( 4) 0.ss(1)



Figure Gption

Fig. 1. Time-of-flight neutron diffraction spcctrn for Uf.llllat 2K. IIl[;]

in panels (a) and (b) were collcctcd with drrcctors al 20 = 14S” aIKl IIItIStI

in (c) with 20 = !20’. Crosses arc dn(a, thr solid line is L!icRic[vcld lit

and the lower curve in (a) and (b) is the residual. Vertical tick marks

indicate d-spacings Of Bragg reflections for lH2111 , Al, U, IIN.and

displaced Al, respectively. from the bottom set upwards.
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